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© Method and apparatus for storing -Don't Care" In a content addressable memory cell. 

£a A mTEJS d r 5 ^ b, ° memor * 0,3,1 * ab,a to a representing "Don't Care", by storing two bits of 
TJi L i SWte <S L° d,Catfld ^ Sl ° nng ^ ldenilCa ' WlS co -^P-^ng to a predetermine .alue, 

Z ™I C k a m C r °* ard,w of * e ™ IC * data. When the cell is not ,n the -Don't Care" state 

90 *" *" - 3 — «* ^ - match data matches the 
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CROSS-REFERENCE TO RELATED APPLICATIONS 
Montoye. "Content Addressable Memory Cell", filed July 16. 1992. 
s BACKGROUND OF THE INVENTION 

1. Field ot the Invention 

, — ™" j" Ven,i0n relat8s to conrtrt addressable memory cells and. more particular* to a CQ n*„, 
»o addressable memory cell which can store a Mate rep,e S en„n 0 "Dent Car«". Pan,CUlarty - to a 

2. Description ol the Related Art 

. „ C ? nt8n, l ^dnassable memories (CAMs) compare e search word with a set of stored words An 
md,ca«,on of whether or no. the search word matches the stored words is produced or eacbTtowd word A 

** ^ f6,her *" * ita 8ddr8SS withi " »■ «"■"«, -ray as in conventional «gS 

orior -J'^rr^M " Sh0Wn 8 «>«*«tf CAM cell with match logic, according to me 

Z E !? 1 CAM C8 " $,0r9S ona b " ot <38,e *» hin » wow. in the CAM eel! a storage 101 

comprises two Inverters 101a end 101b connected to lorm a flip-flop. Rgure 2 shows a tvpicanmoiem Jf a 

slonlT "b- la a.« f ° fte ^ S ' 0nal i8 - hi 9 h ' • nd state It Is low The 

ac^el fla «£ ^ere ah ^""'f Cmem °* B " ' ineS BL 8nd E 8,8 C0n " 8Cted » *• «°«0* cell 101 via 

sssrsr ot ata^r ,hs bit — Th,s — • - « ^tsrs.'s.s: 

The operation of the conventional CAM ot Fioure 1 will now b« rioci-rikow a:, r «. ^ 
fun«ions: . read/wrtte Action ano a m , te H tuncU. TTpSJ.tStS^^ 

ir*?^^ 5,0,306 r" ,01 0nce this connec,,on h - 

w/k«> .u of he 8lo, «9 e ««»'• or write e state onto the cell 

BL yE^LST.?!?? 103 h and "IT dB8C,iv8t8d - ,he s '-*8» <*» 101 k iso,a,ed from BL and 

anH 5T 1^ c^n • M apcuiying uon t L»are in tne search word IS to Dull hoth Bl 

sir. sss5sr«rr: rssj ■ - - - — — » ~ 
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discontinuous ranges require multiple search words. 

The technique of specifying "Dent Care" In the search word is to be distinguished from specifying 
Dont Care in the stored data. When "Don't Care" is specified In the search word, a storage cell win 
indicate a match regardless of the state of its stored bit. On the other hand, when "Don't Care- is stored in 
the stored data, the cell will indicate a match regardless of the state of the match data. Although it is known 
in the art to specm/ "Don't Care" in the match data, conventional CAM design does not have the capability 
to specify "Don't Care" in the stored data. This technique is useful in applications where multiple 
discontinuous ranges of vrords are to bo specified. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided a content addressable memory cell which is 
capable of storing a "Don't Care" slate in which a match will be indicated regardless of the state of the 
match data. 

This is achieved by providing two storage cells wilhin each CAM cell. The two storage cells store two 
bits, permitting a total of four stales: "0". *1 'Don't Care", and a fourth state which may be left unused or 
may md.cate "Invalid". The match logic of the CAM is connected to the two storage cells so thai when the 
CAM is in the "Don't Care" stale, a match will be indicated regardless of the match data. 

The features and advantages described in the specification are not allinciusive. and particularly many 
additional features and edventages will be apparent to one of ordinary skill In the art in view of the drawings 
specification, and claims hereof. Moreover, »t should be noted thai the language used in the specfficafion 
has been principally selected for readability and instructional purposes, and may not have been selected to 
delineate or circumscribe the inventive subject matter, resort to the claims being necessary to determine 
such Inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

the " * di80ram °' " COnte^, a£,dressab, ° memor V < CAM ) cell, including match logic, according to 

Figure 2 is a diagram of a flip-flop storage cell according to the prior art. 
Figure 3 Is a diagram of the CAM cell of the present invention, which is capable of storing "Don't Care" 
Figure 4 Is a diagram of an alternative embodiment of the Invention, wherein the CAM cell has match 
lines independent of the bit lines. 

3S DESCRIPTION OF THE PREFERRED EMBODIMENT 

„„k r o UfeS J J „!!] d 4 deP ' C ' tW ° pre,erred embodiments of the present Invention lor purposes of illustration 

" m * ^ Wi " ,eadi ' y " c °3 nl2e Uom ,he '° lto ™9 discussion that alternative embodiments 

« T ""k ? e,h ° dS i,1U9 ' r<rted h ° rein m8y 66 * m P'°Vd without departing from the principles o. 

«o tne invention descnbed herein. 

Referring now to Figure 3. there is shown a diagram of a preferred embodiment of the current invention 

Ir^VT ■ *" USed ' St ° ra9 ° C °" 301 a,oreS ° ne b " - d P"*— -° -gnels.^" 

a , ona . /. r KJ 0 T' Bmen,S °' e3Ch OIh8r - Whi,e B,Orafl0 cfi " 302 stores a sec °"0 "it and produces 

s.gnals a2 and b2 . wh.ch are complements ol each other. There am two sets of bit lines: Bit lines BL, 
and BL, are connected to storage cell 301 via access trans IS tors 303 end 304. while bit lines Bb and 117 
ere connected to storage cell 302 v,a access trensistors 305 and 306. The word line W i s connected to the 
gate terminals of all four access transistor,. The match logic 102 is connecied to bit lines BL, and BL- As 
in the prior art. the match logic 1 02 has an output MV. which indicates the presence of a match 

»he *gnals "ai" and - B 2" can be high or tow. yielding four possible states for the CAM cell 
one possible interpretation ol the four states is given in the following table; 
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al 


a2 


Meaning 


Low 


Low 


X (Don't Care) 


Low 


High 


0 


High 


Low 


1 


High 


High 


Unused or Invalid 
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The -0" and "1 ■ slates, where the storage colls store complementary bits, correspond to the two slates 
of a conventional CAM as described above. The "Ctont Care" srata, where the storage cells both store 
Low", is used when li is necessary for the CAM to Indicate a match regardless of the match data The 
fourth state, where the storage cells both store "High", may be left unused, or it may be used to indicate an 
8 invalid bit of data. 

ft is important to note that the above table only shows one possible interpretation of the states of the 
CAM; other interpretations, such as one in which High/High indicates "Don't Care" and Low/Low indicates 
"Invalid", are also possible. 

In the embodiment of the invention shown in Rgure 3. the read/write function operates in essentially the 

io same manner as in the prior an. except that two sets of bit lines are used. In particular, the write function 
requires the input value to ba asserted on BLi (to be written into cell 301) and its complement to be 
asserted on BLj (to be written into cell 302). When a -Don't Care" is to be wrinen into the CAM cell both 
BL, and BU are pulled low. The read lunction requires that both BLi and BU be examined, in order to 
determine whether the CAM coll contains a valid bit ("0" or "1"). a -Don't Care' or if aDDlicabte an 

is "Invalid" bit. 

To perform the match function, all four access transistors, 303. 304. 305, and 306, are deactivated The 
match data is asserted on line BU, and Its complement is placed on BLi . If the state of BU matches the 
state of the CAM cell, tne MV signal will float if there is no match, MV will be pulled low For example 
suppose we wish to check if the state of the cell is "1". A high signal is placed on the BU line and a low 

» signal placed on BU. ft the CAM cell's state is "1". then "a1" will be high end "a2" will be low (see the 
table above). Therefore, transistor 102b will be on (because "el" is high), transistor 102a will be off 
(because BU is low), transistor 102d will be off (because "a2" is low), and transistor 102c will be off 
(because its source terminal is floating). Thus, MV will float, indicating a match. If the Cam cell's state is 

~ ?nV ""I*" ,OW Wi " * hlflh ' Th6n ' ™*> «nd 102a will ba off, and transistors 

match ^ (b6CaUSe Mh BU ar,d " a2 " ara hlgh) - Thu8 ' MV wm De Du,,8d indicating no 

,J c * We atBte i5 ' 0on ' 1 Care ". than both "a1" and "a2" will be low. Then, transistors 102b and 

102d will both be off. causing the source terminals of transistors 102a and 102c to float. Therefore no 
matter what signal is supplied on BU and BU. MV will float. As a result, when the ceil is In the "Don't 
so Care state, it will always respond with a match. 

Jfthe CAM cell is in the fourth state, both "a1" and "a2" will be high. Then, transistors 102b and I02d 
wiU both be on, causing the source terminals of transistors 102a and 102c to be pullad low Therefore 
whenever one of the lines BLi or BU is asserted. MV will be pulled low. indicating no match As a result' 

r r. ? CA *T C6 V S J n lh,S ,OUfth Kt3t0, " W,n nSVOr reS P° nd to ma,ch complementary signals are 

supplied on BLi and BU. As mentioned above, this state could be used to indicate an invalid bit of data 

^T Tu^ ROW t0 R0Ur ° 4 ' thor ° fa ShOWn an a,,ern * iv ° embodiment of the invention. Here, the match 

ZrZ* ,k "* Pr ° Vided a,O0B m3tCh HneS ML 3nd W ra,her than on B ^ ™ d BL - ™. embodiment 
Includes the invention described in a U.S. Patent Application filed July 16, 1982 by Montoye for a "Content 

J^e!f^^ 0 ^" r ^ embodlmont ' match dala b. asserted on the match lines without 
mterfenng w, h read/wnte operations on the sama call or other cells in the same row. This embodiment 
permits a match operat.on to be performed in the same clock cycle as a read/wrila operation, as described 
tn that application. 

From the above description, it will be apparent that the invention disclosed herein prov.des a novel and 
advantageous apparatus , or stoung - Don ., Care - ,„ a addfBSSab|e memQ , y ^ The 

T S Z7£ 'TT.T T C " b0S mer ° ly me < ho0s »"° embodiments ol the present inventor, 

! rid a n=r? L 8 ' ' he m ° inV ° nlion may be «"bodied in other specific forms 

w.thout departing from the sp.r.t or essential characteristics thereof For example, different forms of the 
storage cells access gales, or match iog,c may be used in place of those described in the above 
description and corresponding diagrams Also, the designations -High" and 'low" as well as "t " and "0" 
may be transposed. Accordingly. th B disclosure ol the present invention is intended to be illustrative but 
not limiting, of the scope of (he invention, wh.ch ,s set forth in the following claims 
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Claims 

ss 1 



A content addressable memory cell mcludlng a storage portion having at least two terminals lor storing 
wo bits of data and for generating a signal on each ol ihe terminals, the first signal correspondmg to 
me first o.t and the second signal corresponding to the second bit. characterized In that the memory 
cell operates ,n a lirst state in which the two bits are complementary, end in a second stat 0 in which 
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!Ti !T * . L" fB J com P' 8men,a, > and °PP° S »« «o thair status In the first state, and in a third state In 
which the two bits are identical, for representing "Don't Cane"; in that a reading/writing circuit is 
connected to the terminals of the storage portion for reading data bits from and writing data bits to the 
storage portion; and in that a match detector has a first match Input tor accepting match date, and two 
data mputs eech connected to a corresponding terminal of the storage portion, and an output for 
signaling a match when the status of the first match Input Is the same as the status of the first data 
input or when the status of the first end second data inputs is identical and corresponds to a 
predefined "Don't Care* signal. 

The content addressable memory cell sceording 1o cleim 1. characterised in that the storage portion 
includes a i first storage cell and a second storage cell, each of the storage cells having a terminal 
corresponding to one ol the terminals of the storage portion. 

The content addressable memory cell according to claim 2. characterized in that .he match detector 
further includes a second match input for accepting a complement of the match data. 

The content addressable memory cell according to cleim 3. characterized in the reading/writing circuil 

0^ , n ST, * itW ** Sl °"°° 88,1 3 "° 8 *«nd acces 

element or selectively accessing the second storage cell: in that a first bit line is connected to the first 

ETIL ""I* 0 *" fl,St m8,Ch lnpUt Bna h " 8 first meda ,or r88dir * ,ro m «"° writing to the 
Z. TT, * SeCOnd m0 °° <0f SU PPW"3 matc h data to the first match input and in thet a 

second bit line is connected to the second access element and to the second match input, and has a 
first mode for reading from and writing to the second storage cell, and a second mode for supplylno a 
complement of the match data to the second metch input supplying a 

liLTi'!^ 8ddre ' 8able men,or y ca " acco « J '"° «o claim 4. characterized In that the first access 
element Includes a first access transistor having a source terminal connected to the terminal of the first 

ZT*2 £ T** C °T 8C,8d t0 ** fir9t bH line " and 8 08,0 ,8rminal co ^«tod to word line- 

connected to m T TVL I inC,Ud88 " SeC ° nd 8CCaSS ,ranSiStor havi "9 a S8ur « terminal 
connected to the terminal of the second storage cell, a drain terminal connected to the second bh line 
and a gate terminal connected to the word line. 

InlZTl TT b 'Z T m °Z ° e " 8CCO,din0 '° daim S ' chafac to fi «= l in that the first storage cell 
Includes a first .nverter haying an Input, and an output connected to the terminal of the first storage cell 

clLl^ nd J nV8ftef connected » the output of the firs, inverter, and «, output 

having an nou, e Z ' * *" X *° S0C ° nd 8t °' 838 C8 " inc ' U88s a '"ird inverter 

to^LZ P 8 " ° U,PO ' C0nn8 « 8d to the terminal of the second storage cell, and a fourth 

inou^£ ,nPU ' C ° nnBC,9d ,0 me ° UtPU ' °' ,h9 ,hlrd invenef ' and a " ° U 'P U « "nnected to the 

input of the third inverter 

The content addressable memory cell according to claim 6. characterized in (hat the match detector 

T£V«T? va,id ,ine ,or s,9na,,n9 8 ma,ch ' in that a first ™ s >* of has a *** ^JUT^Z 

L£L <L1 I 6 ' " S ° UrCe ' 8m,ina '' and 3 dfa,n t8rminal connected to the match valid .me; in that a 



t^na. ™ n „^J 8 , S 8 08,8 ' 8fm,nal COnn8C,ao ' 0 .he terminal of the firs, storage cel.. a source 
terminal connected to ground, and a drain terminal connected lo the source terminal of the first 

£™T 'V h8 i 8 ,f T d UBnai * 0 ' h8S 8 93,0 CO - 8Cl8d * toe second oil fine a source 
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_ , , . — — on une, a source 

u^eltna. LJT. '"I C0nnCC,8d t0 ** " 18,Ch V8lid " ne 8nd in that a tow * tfansis tor has a 

omunJTrir . , ,8rm,n8 ' 0< ,h ° 8eC ° nd S, ° raee CeM ' a source < 8 "™ al connected to 
ground, and a dre.n terminal connected lo the source terminal of the third transistor. 

icuit inl^ a7T'' me T y "'I 8CC ° rdin9 ,0 C[Bim 3 ' tracer-zed in ths, the reading/writing 
*L™„ <t , . 8CCe ' S ele ' 1^Bn, ,0f S8lBctiv8, V accessing the firs, storage cell end second access 
e^ment for selectively accessing the second storage cel.; In that e first bit fine is connected to the firs. 

conr-c,?rT T n9 ^ W,i ° n0 l ° ,hg " r9 ' S,0ra ^ « *.« - -cond bit line fs 

connected to the second access element for reading from and writing to the second storage cell. 

Io^^lT e ,'T' e rr 0rV Ce " 8CCOrdln8 '° C ' aim 8 ' charac "rized in that a first match line Is 
connected to the first match Input for supplying the match data to the firs, match inpu I: and In that a 
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second match line is connected to the second match input lor supplying a complement of the match 
data to the second match Input. 

The content addressable memory cell according to claim fi. characterized in that the firat access 
element includes o first access transistor having a source terminal connected to the terminal of the first 
storage cell, a drain terminal connected to the first bit fine, and a gate terminal connected to a word 
line; and in that the second access element includes a second access transistor having a source 
terminal connected to the terminal of the second storage cell, a drain terminal connected to the second 
bit line, and a gats terminal connected to the word line. 

The content addressable memory cell according to claim 10, characterized in that the first storage cell 
includes a first inverter having an input and an output connected to the terminal of the first storage coll. 
and includes a second inverter having an input connected to the output of the first inverter and ari 
output connected to the input of the first invener. and in that the second storage ceil includes a third 
inverter having an input and en output connected to the terminal of the second storage cell, and 
includes a fourth inverter having en input connected to the output of the third inverter an outout 
connected to the input of the third inverter. 

12. The content addressable memory ceil according to claim 11, characterized in that the match detector 
Includes e match valid line provided for signaling a match; in that a first transistor has a gate terminal 
connected to the tirst match line, a source terminal, end a drain terminal connected to the match valid 
line; in that a second" transistor has a gate terminal connected to the terminal of the first storage cell, e 
source terminal connected to ground, and a drain terminaJ connected to the source terminal of the first 
transistor: In that a third transistor has a gate terminal connecled to the second match line, a source 
terminal, and a drain terminaJ connected to the match valid line; and in that a fourth transistor has a 
gate terminal connected to the terminaJ of the second storage cell, a source terminal connected to 
ground, and a drain terminal connected to the source terminal of the third transistor. 

13. A method of checking for matches in a content addressable memory cell including a "Dont Care- 
operating state, characterized in that match data is provided; two bits of data are read from the memory 
cell: a match is signaled if the two bits of data are identical and equal a predetermined state- and in 
that a match Is signaled if the two bits of data are not identical and the match data matches a first of 
the two bits of data. 

14. A method according to claim 13 of storing dala in a content addressable memory cell Including a 

Don't Care" operating state and having first and second storage cells, characterized in that a bit 
corresponding to a predetermined state is stored in the first storage cell if the "Don't Care" state is to 
be assorted, and otherwise storing 3 first bit of data in the first storage cell: and in that a bit 
corresponding to the predetermined stare is stored in a second storage cell If the 'Don't Care" stale Is 
to be assened. and otherwise storing a second bit of data complementary to the first bit of data in the 
second storage cell. 



45 



50 



55 



6 



BP O 660 332 Al 




EP O 660 332 A1 



H 





n 


1 


1 


1 




n i 


( 




f ~ 


1 


o 
o 




o 


1 


cs 

o 
o 




OJ 

5 


-fc 

\ 


\\ 




CM 

I 


\ 


N 


U 1 


T 


T 


1 







o 



8 



EP 0 660 332 A1 




EP 0 6B0 332 A1 



in 
o 



5 



CM 
O 



I -t~dj — i 



l 



S2 o ex o 

o — o 1 



It 1 " 



